Abstract-The Asia-Pacific Software Engineering Conference (APSEC) is a reputed and a long-running conference which has successfully completed more than two decades as of year 2015. We conduct a bibliometric and scientific publication mining based study to how the conference has evolved over the recent past 6 years (year 2010 to 2015). Our objective is to perform in-depth examination of the state of APSEC so that the APSEC community can identify strengths, areas of improvements and future directions for the conference. Our empirical analysis is based on various perspectives such as: paper submission acceptance rate trends, conference location, scholarly productivity and contributions from various countries, analysis of keynotes, workshops, conference organizers and sponsors, tutorials, identification of prolific authors, computation of citation impact of papers and contributing authors, internal and external collaboration, university and industry participation and collaboration, measurement of gender imbalance, topical analysis, yearly author churn and program committee characteristics.
I. RESEARCH MOTIVATION AND AIM
The Asia-Pacific Software Engineering Conference (APSEC) is an annual conference started in the year 1994 in Tokyo (Japan) with the aim of bringing software engineering researchers and practitioners from both university and industry around the world to exchange research results and ideas. APSEC 1994 (Tokyo, Japan) was the first edition of the conference and the annual event completes 23 editions in 2016 (Hamilton, New Zealand). More than two decades of APSEC has been successful in providing a forum to share cutting-edge advancements in the field of software engineering and has become one of the important academic events for researchers and scholars (particularly in the Asia-Pacific region) working in the area of software engineering. The number of national and international delegates participating in APSEC series of conferences every year, citation impact of the published scientific papers (research and industry track), quality of peer-reviews, number of papers submitted to the various conference tracks, diversity and quality of co-located events such as workshops and tutorials, keynotes and invited talks, professional reputation of the organizing and program committee members and support from industry as well as government agencies as sponsors are clear evidences indicating that APSEC has maintained its reputation and high quality. We believe that a reflection of the recent past (year 2010 to 2015) of APSEC is important for the APSEC community for learning and further improving the impact and quality of the conference.
The bibliometric and scientific publication mining based study presented in this paper is motivated by the need to conduct a quantitative and objective evaluation and assessment of past 6 years of APSEC. Our research motivation is to investigate answers to questions such as: how the conference has evolved over the past 6 years and what is the current status, what is the quality of the conference based on several key performance indicators, what improvements can be made and to what extent APSEC is meeting its desired objectives. Our research aim is to systematically and scientifically explore and examine the state of APSEC across various aspects of the conference. To the best of our knowledge, the study presented in this paper is the first in-depth examination of the state of APSEC which we believe is important for the APSEC community to understand its development, evolution and identify future directions.
II. RELATED WORK AND RESEARCH CONTRIBUTIONS
In this Section, we present related work and the novel contributions of the study presented in this paper in context to existing work. Tripathi et al analyze research papers published in MSR (Mining Software Repositories) series of conferences from 2010 to 2014 (a period of 5 years) [1] . Sharma et al. conduct a bibliometric study consisting of mining 551 papers in Requirements Engineering (RE) series of conference of [2] . Sharma et al. analyze 11 years of RE papers published from the year 2005 to 2015. They study several aspects such as: authorship numbers and scholarly productivity of various countries or regions, interdisciplinarity, topic modeling and categorization, collaboration (university and industry, internal and external) and public and proprietary dataset [2] . Agarwal et al. conduct a research study on gender imbalance and low participation of women in Computer Science Research (CSR) [3] . They conduct several empirical and statistical analysis consisting of mining thousands of bibliometric entries in DBLP 1 bibliography data [3] . Their findings reveal that in the broad field of Computer Science, there is a gender balance wherein only 21% of the authors are female and 79% are male authors. They study several aspects of the conference like national and international collaboration, university and industry collaboration, research type of the study (validation, evaluation, solution proposal, philosophical, opinion and experience), contribution (such as tooling or metric) and technology area [4] . Barn et al. present a systematic mapping study to all the papers published in Indian Software Engineering Conference (ISEC) series since its beginning [4] . Freitas et al. perform a bibliometric analysis of 740 scientific papers published in Search Based Software Engineering (SBSE) series of conference from the year 2001 to 2010 [5] . Bergamaschi present a quantitative analysis of WWW, Hypertext (HT) and JCDL which are three of the seven ACM SIGWEB sponsored conferences [6] . Bartneck present a historical overview of the long-running and prestigious conference on Human Robot Interaction (HRI) [7] . Bartneck et al. present a scientometric analysis of the CHI (one of the top-most conference on Human Computer Interaction) proceedings [8] . Agarwal et al. present a bibliometric analysis of the scientific publications and corresponding ACM metadata (also published as a research output) of seven conferences sponsored by ACM SIGWEB [9] .
Research Contributions: In context to existing work, the study presented in this paper makes several novel research contributions. The work presented in this paper is the first indepth and focused study on analyzing Asia-Pacific Software Engineering Conference (APSEC) across various perspectives: paper acceptance rates, conference location, scholarly output of various countries, keynotes, workshops, conference organizers and sponsors, tutorials, prolific authors, citation impact, internal and external collaboration, university and industry participation and collaboration, gender imbalance, topical analysis, yearly author churn and program committee characteristics.
Dataset Contributions: We make our dataset publicly available on figshare 2 which is a web platform for storing, sharing and discovering research [10] . We believe that sharing our dataset will further facilitate research on APSEC bibliometric analysis and can be used to explore new research problems and hypothesis. Extracting data from a large number of papers required manual effort as well as writing scripts and web believe that the research community can benefit from our shared data.
Extended Version of Previous Paper:
The study presented in this paper is an extended version of the short paper accepted in APSEC 2016 by the same authors [11] . Due to the four page limit of the APSEC 2016 paper, several aspects are not covered which are described in this paper. The objective of this paper is to provide a complete and detailed analysis of our work on APSEC bibliometric analysis (year 2010 to 2015) through arXiv open access 3 . Figure 1 shows the city, country and year for APSEC 2010 to 2015. The map in Figure 1 shows that the conference is being organized in different countries in the Asia-Pacific region and hence there is a geographical balance in-terms of the conference location. We observe that from the year 2010 to 2015, the conference is generally being organized in one of the largest cities of the hosting country except in the year 2014 (Jeju Island, Korea). We download all the APSEC 2010 to 2015 papers from the IEEE digital library for our analysis. We compute the acceptance rate and number of papers submitted each year based on the papers available in the IEEE digital library and the information provided by the program chairs in the front matter or message for the program chair(s) section of the proceedings. We observe several inconsistencies and incompleteness of the data in message from the program chairs. For example, for the year 2013, the number of submission are provided only for the research track and not for other tracks. For the year 2010 there are no industry track in the proceedings but the website shows an industry track. For the year 2012, we compute acceptance rate based on the 99 research track paper (51 full papers and 48 short papers) as the submission data of ERA and IND track is not given. Table I shows the number of papers accepted and submitted across various tracks and the acceptance rate or selectivity of the conference. Table II shows that the conference leadership (general and program Chairs) have representation mostly from university and rarely from industry (except in the year 2015 when both the general and program chairs were from industry).
The list of sponsors mentioned in Table II that APSEC receives sponsorship and support from all the sectors: university, industry and government. Table III shows the list of keynotes at APSEC 2010 to APSEC 2015. We extract the keynote information from the extended abstract for keynote included as part of the conference proceedings. We observe a good mix of keynotes from industry (such as ABB, IBM, Microsoft and Samsung), government (such as UIDAI) and university. We notice a talk from non-profit corporations like Mozilla Foundation. Table  III shows that keynote speakers are from various parts of the world and are invited from countries outside the host country which shows conference diversity and inclusiveness. Table IV shows the list of workshops at APSEC 2010 to APSEC 2015. We observe co-located workshops to APSEC on diverse topics such as cloud computing, embedded systems, software testing, software quality, empirical software engineering, software engineering education, alternate workforces and quantitative approaches to software quality. Normally, there are two colocated workshops to APSEC expect for the year 2011 when there was only one co-located workshop and year 2015 when 
IV. KEYNOTES, WORKSHOPS AND TUTORIALS

V. CITATION BASED IMPACT
One of the major factors used to evaluate the quality of a conference is to measure the overall impact of the papers published or presented in the conference. The number of citations or references in other publications received by a scientific paper is an indicator of the impact of the paper. Google Scholar 4 is a popular and widely used search engine as well as a citation metrics service which keeps tracks of citations to articles indexed by it. We compute the number of citations for all the papers published in APSEC from the year Google Scholar defines h5-median as "h5-median for a publication is the median number of citations for the articles that make up its h5-index". Table VI shows the Top 10 most cited APSEC papers in our dataset. Table VI reveals that only one paper has received more than 50 citations and 6 out of 10 have received more than 25 citations. The minimum number of citations received by the Top 10 papers is 20. APSEC 2013 have citations equal to 1 or less than 1. We compute the skewness and kurtosis metrics to measure the symmetry (or lack of symmetry) and whether the citation data is heavy-tailed or light-tailed relative to a normal distribution. We observe that distribution for the years is positively skewed and hence the probability density function has a long tail to the right. We observe that the distribution is highly skewed for the year 2010, 2011, 2012 and 2013 and moderately skewed for the year 2014. We observe that the probability density function for the year 2010 and 2013 has a higher kurtosis (more peaked at the center) than the kurtosis value for the year 2011 and 2012. Year 2014 has a lower kurtosis value in comparison to all other years which means that the distribution for the year 2014 is less peaked or more flat relative to other years.
VI. SCHOLARLY OUTPUT OF COUNTRIES
We analyze the scholarly output of various countries contributing to the success of APSEC. We extract the country of affiliation for every co-author. If an author has published multiple papers in a particular year or across years then we award multiple points to the affiliated countries. Our analysis reveals that authors from 37 different countries have contributed to APSEC from the year 2010 to 2015. The Top 3 countries (8.1% of the countries) have a contribution of 57.68% and the Top 5 countries (13.51%) have a contribution of 67.53%. The graph in Figure 2 Table VIII displays data on country of author and respective frequency over a period of 6 years. Table VIII reveals that China and Japan are the top two most contributing contributing countries to APSEC. Table VIII shows that most of the countries are from Asia-Pacific region except Canada, Finland, France and USA.
VII. PROLIFIC AUTHOR, AUTHOR CHURN, AVERAGE
AUTHOR PER PAPER Table IX shows the list of most prolific authors (from 2010 to 2015), the number of papers published by them (#PR) and the total number of citations (#CT) received by the published papers. collaborating co-authors for each of the prolific authors listed in Table IX . We observe form Table IX that higher productivity does not mean higher impact as some authors have a less papers in comparison to others but a relatively much higher impact. Table X displays the number of unique authors and number of new authors added every year with respect to all the previous years in the dataset. We calculate the author churn and observe that the author churn is more than 65% every year which means than at-least more than 65% of the authors are new in comparison to previous years. Table XI shows the minimum, maximum, mean and median number of authors every year. Table XI reveals that the median value for the number of authors per paper is 3 for the 6 years. Our analysis reveals that there are several solo-authored papers as well as papers involving large collaborations (more than 6 co-authors per paper). 
VIII. COLLABORATION (UNIVERSITY-INDUSTRY, INTERNAL-EXTERNAL)
Joint authorship in scientific papers is an evidence of collaboration and interaction between researchers as well as institutions. Our objective is to study university-industry collaboration and knowledge flow between the two types of institutions. Table XII displays the data on university-industry collaboration. Table XII reveals that the percentage of joint university-industry papers varies from a minimum of 8.51% to a maximum of 22.45%.
We investigate the nature and scale of collaboration in APSEC papers (indicated by joint authorship) from the perspective of internal or external collaboration. Internal collaboration is a form of collaboration in which all the co-authors in a paper (single or multiple-authors) are affiliated to one Institution only. External collaboration is defined as a form of collaboration which involves participation of two or more institutions (irrespective of whether the organizations involved are industry or university) in the production of the scientific output and the paper. Figure 4 displays a stacked bar chart indicating the percentage distribution of internal and external collaboration. Figure 4 reveals a good (above 35%) percentage of external collaboration. The percentage of papers having external collaboration varies from a minimum of 38.52% to a maximum of 46.94%. The technical program committee for any conference is responsible for reviewing submitted papers and ensuring good quality reviews as well as selection of high quality papers. The size of the program committee should be according to the number of papers normally received by the conference so that the workload of the program committee members is reasonable or moderate. We extract the size of the program committee (for both the research and industry track) from the APSEC conference proceedings. Table XIII shows that the number of program committee members varies from a minimum of 65 in year 2014 to a maximum of 103 in 2012. The number of papers submitted at APSEC is in the range of 160 to 230 and hence the distribution of workload is moderate. APSEC is a long-running international conferences attracting papers from different parts of the world both from industry and academia. Diversity of institution, technical area of expertise and country is an important selection criteria for selecting program committee member and is an indicator of the quality of a conference. We extract the country of every program committee member and compute the number of different countries. Table XIII shows that APSEC program committee is diverse and inclusive in-terms of the number of countries. For example, in the year 2010, there were 83 program committee members from 18 different countries (a diversity score of 21.69%). In year 2014, there were 65 members from 19 countries. The study by Vasilescu et al. reveals that the lowest observed PC renewal ratio is 8.8% for SCAM 2005, and the highest is 93% for GPCE 2007 [13] . Vasilescu et al. analysis shows that wider-scope software engineering conferences such as ICSE, FSE and FASE have a relatively higher PC turnover than narrow-scoped conferences [13] . Their analysis does not include APSEC. APSEC falls in the category of a wider scope software engineering conferences.
Annual churn and rotation of program committee members is essential for making sure that there is diversity, inclusiveness and cross-section of topic expertise, institution and geographical area. Inviting new program committee members and making space for them by rotating-off program committee members who have served for 2−3 years are normal guidelines for conferences. We compute the yearly churn in the program committee for APSEC 2010 to APSEC 2015. Table XIII shows that in the year 2011 there were a total of 95 program committee members out of which 40 (48.19%) were new and 55 were repeated from the year 2010. We observe that the highest churn was in the year 2013 (61.16%) and the lowest was in the year 2015 (10.66%). One of the objectives of conferences like APSEC is to stimulate interaction among researchers in industry and academia and provide a forum for computing professionals from both industry and academia to present and exchange research results. Hence, it is an important guideline for program committee chairs who lead the program committee member selection and invitation process to have a balanced representation from both industry and academia. We extract the affiliation of each program committee member and determine whether the member belongs to an industry or university. Table 6 displays (as a stacked bar-chart) the percentage distribution of program committee members across industry and university. Table 6 reveals an imbalance between industry and academia and is skewed towards university. The percentage of program committee members from university varies from a minimum of 69.88% to a maximum of 92.63%. We observe that for 3 years (2010, 2011 and 2012), the percentage of program committee members from industry is less than 10%. We notice an upward trend in percentage of program committee members from industry for past 3 years (8.43% to 24%).
X. GENDER IMBALANCE IN AUTHORSHIP
Agarwal et al. conduct an analysis of women in computer science research by analyzing author data from 81 conferences including 11 conferences in software engineering [3] . Their experimental dataset consists of DBLP bibliography entries from the year 2000 to 2015. Their results reveal that 79% of the authors in the bibliography dataset consisting of 11 conferences and 16 years are male whereas 21% authors are women authors [3] . We use the Genderize.io 6 API to determine the gender of all the authors in our dataset. The Genderize.io database (as of 10 June 2016) contains 216286 distinct names across 79 countries and 89 languages and can be used to determine the gender of a first name. The Genderize.io API returns the gender with a value of null if it is not able to determine the gender from a given first name. We manually checked the gender for 405 author names by doing a web search and checking the author profiles such as their homages consisting of pictures. Figure 5 shows the percentage of male and female authors for APSEC 2010 to APSEC 2015. Figure  5 reveals a gender imbalance as the percentage of women authors varies from a minimum of 18.47% (year 2013) to a maximum of 27.38% (year 2015). We observe an increasing trend over past 3 years however there has been decline in percentage of women authors from year 2011 to 2012 and 2012 to 2013. We also observe that there has never been a women General Chair out of the 11 General Chairs in APSEC from the year 2010 and 2015. 
XI. TOPIC ANALYSIS AND DISTRIBUTION
Our objective is to identify major research topics and trends in APSEC 2010 to APSEC 2015. We extract all the keywords from the BibTeX citation entries of every paper in our dataset. The keywords contains terms from Inspec (a major indexing database of scientific and technical literature) controlled and non-controlled indexing, author keywords and IEEE terms. 7 . We map each key-term to one of the 15 knowledge areas (KAs) listed in the Guide to the Software Engineering Body 6 https://genderize.io/ 7 https://www.computer.org/web/swebok of Knowledge (SWEBOK Guide). The Guide to the Software Engineering Body of Knowledge (SWEBOK Guide) describes generally accepted knowledge about software engineering. We use SWEBOK V3.0 which is the most recent completely revised and updated version as of 11 June 2016. The 15 KAs are broad topics such as software requirements, software design, software construction, software testing and software maintenance. The SWEBOK V3.0 defines sections and subsections (sub-topics) within each KA. Table XIV displays the 15 KAs listed in SWEBOK Guide and the mapping of keyterms present in the BibTeX citation entry of every paper to the KAs. Table XIV reveals the top two knowledge areas for every year marked in bold and with a superscript. Our analysis reveals that software design is the most popular knowledge area. The second most popular knowledge area for the year 2011 and 2012 is software testing and software construction respectively. Overall (cumulative sum of all the 6 years) the top five knowledge areas are: software design, computing foundations, software testing, software construction and mathematical foundations. Our analysis reveals that there are not many papers in the area of engineering foundations, software engineering professional practice and software engineering models and methods. Mathew et al. conduct a topic modeling analysis of the abstracts and titles from 9291 papers published in 11 top-ranked SE conferences between 1993 to 2013 [14] . Their analysis does not include APSEC. Their analysis reveals that software testing is the most dominant theme in modern software engineering. Our results on APSEC topic modeling shows that software testing is also one of the most dominant area. Garousi et al. classify the top software engineering papers by their coverage of SE topics [12] . They adopted the classification of SE areas presented in the 2014 version of the SWEBOK. Their analysis revels that models and methods and software design knowledge areas are the most popular topics in the top papers (in 50 and 34 of the top 135 papers, respectively) [12] . We categorize every paper in our dataset into one of the three categories: AU (All University), AI (All Industry) and UI (University Industry). AU consists of papers in which all the co-authors are affiliated to university. UI consists of papers in which co-authors are affiliated to university as well as industry. Table XV displays top 3 topics for all university authored papers, all industry authored papers and university and industry collaboration papers. The information in Table  XV provides insights on topics which are investigated more in industry in comparison to the topics in university and vice-a-versa. Similarly, our objective is to examine the research topics which are more common in papers involving university and industry collaboration. Our analysis reveals that software design is the most popular knowledge area in all the 3 categories. We observe that software testing is the second most popular knowledge area for the UI category and is not present in the top 3 list in AU category except for the year 2011. We notice that software engineering process is not present in the top 3 list within the AU category but is present two times in the AI category (year 2014 and 2015). 
XII. CONCLUSIONS
We conclude that APSEC is successfully meeting its desired objective as it is able to attract a good number of papers (150 -230) from different parts of the world both from industry and academia. The acceptance rate (between 30% -35% on an average) demonstrates that APSEC is a moderately selective conference. APSEC has a good quality co-located workshops and tutorials covering diverse topics. The citation impact of the conference is moderate indicating that APSEC is maintaining its status as a Tier 2 conference. The papers published in APSEC demonstrates both university-industry collaboration as well as external collaboration. The scholarly output from various countries at APSEC shows that APSEC is able to attract good number of submissions from authors form different geographical regions in the world. The program committee of APSEC is diverse both from the perspective of representations from industry and academia and from different countries. There is a healthy program committee and author churn which indicates that the conference is broad and open.
